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Abstract 
 
The growing importance of automatized systems for interchange of commercial and technical information prompts searching for new 
forms of knowledge modelling. One of the possible solutions presented in this article is the use of relational databases for acquisition of 
information comprised in technical standards and of a rule-based reasoning system providing access to these bases. The study describes the 
structure of a database created under the assumption that concepts describing knowledge will be recorded in data collecting system and not 
in relational schema. The user is free to define by himself the structure of the knowledge without the need of introducing any changes to 
the relational schema. At the same time, the reasoning system enables very efficient knowledge searching. At present, tests are carried out 
on a software operating on a MS SQL Server. The project work and test performance of the system confirm that the adopted assumptions 
have been right and correct. The development of a new interface is anticipated using internet techniques. As a next step, the information 
resources collected in the system will be successively expanded using also information sources other than the technical standards. 
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1. Introduction 
 
Automatized systems for interchange of information on 
products and technologies require unambiguous definition of a 
given field of knowledge. This model of the knowledge is called 
ontology. In the traditional form of commercial relations between 
manufacturers and buyers/users of products of all possible types 
(castings included), the key role have played the  technical 
standards. Standards define the requirements which should be 
satisfied when orders are placed for specific  types of products; 
they also determine some features of these products. Owing to 
this, the user is free to choose a standard set of properties, 
matching best his particular needs and satisfying his expectations; 
in this way also the interchange of information with 
manufacturers becomes much easier. Unfortunately, standards 
have the structure which is not fully formalized. and this makes 
searching for information on properties defined by the standard 
very difficult. It is true that in some cases standards refer to a 
specific group of products (e.g. A159-83(2001  -  Standard 
Specification for Automotive Gray Iron Castings), and then the 
name of the standard specifies its contents and structure. Quite 
often, however, standards are of a general character (e.g. 
A27/A27M-05 Standard Specification for Carbon Steel Castings 
for General Application) which, with no possibility to review 
quickly the  information comprised in the standard, is a serious 
obstacle in getting access to this information..  
Modern form of cooperation between the economic entities, 
like e-commerce and e-collaboration, consists in transferring 
some activities connected with information transfer and decision-
making processes onto largely autonomous electronic systems. 
For more advanced solutions, such as B2B (business-to-business),  
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shopping agents, e-procurement, e-collaboration or Virtual 
Organizations there appears the necessity of the cooperation of 
many suppliers, buyers and other market participants in the 
interchange of information of different character and structure. 
Because of the diverse character of computerized systems used by 
the interchange participants, the traditional EDI (Electronic Data 
Interchange) system cannot be considered. It has become 
necessary to elaborate systems enabling information, and not data 
processing. Their main area is information search. Unfortunately, 
technical standards in their present embodiment are not suitable 
for direct use in designing of the automatic information 
interchange systems.  
No researches have been made so far on  the practical use of 
knowledge structures comprised in technical standards for 
designing of ontology to serve interchange of information in 
automatic systems, though certainly the problem of designing 
such ontologies has been perceived and attempts at solving it in 
many different ways have been undertaken. The majority of 
publications are devoted to the problem of how to formalize our 
knowledge about the features of products for the purpose of 
commercial interchange. Here, the examples are:  knowledge 
systematization for automated information integration of parts 
libraries [1], ontology-based data modelling for automatic 
integration of electronic catalogues of industrial components [2], 
building an operational product ontology system for a government 
procurement service [3]. Quite similar is the scope of studies 
regarding the construction of ontology for the needs of computer-
aided decision-making processes, including e-collaboration for 
interchange of technical information.  To construct such ontology 
is the task necessary for operating an expert system, which serves 
as a tool in the choice of a best technology to make products 
satisfying some specific requirements [4, 5, 6]. Still another area 
of application of ontology to aid the process of information 
interchange is cooperation in solving of technical problems. In [7] 
the work being undertaken by Brunel University in conjunction 
with the UK metalforming industry developing a web-enabled 
database of materials properties for metalforming simulation has 
been presented. A team of the AGH workers elaborated 
information-diagnostic systems called INFOCAST and 
OntoGRator, based on the knowledge about surface faults of 
metal products formalized in the form of semi-symbols [8, 9]. An 
attempt at generalization of the concepts of modelling foundry 
processes and products in the form of ontology for foundry 
designing purposes has also been undertaken by the authors 
of [10]. 
 
 
2. Modelling of technical knowledge 
 
The knowledge comprised in technical standards can be collected 
and rendered accessible in the form of XML documents arranged 
according to the rules of ontology. To achieve this, designing of new 
tools for the management of and  access to the related documents is 
necessary. An alternative solution is to reformulate the ontology and get 
records consistent with the rules of data modelling used in relational 
databases. The relational model of data imposes a number of restrictions 
to the rules used in ontology formulation, although it is very firmly 
rooted in the set theory and predicate calculus, both ensuring the data 
integration and integrity. Writing of knowledge in the form of data and 
relations,  using for searches the Structured Query Language (SQL) 
makes recording of rules going beyond the calculus of predicates 
impossible. However, the possibility of combining the records of 
relation and SQL with the rule-based reasoning system enables 
construction of complete knowledge ensuring the data integrity and 
integration. Some preliminary research has been made to apply the IwQ 
(Inference with Queries) method developed by Macioł [11] in recording 
of knowledge comprised in the technical standards for foundry industry. 
Works in this scope are carried out in parallel with researches on the 
possibility of using for this purpose a RDF language and selected 
methods of reasoning in ontologies. The IwQ method combines in itself 
the potentials created by a relational model of data with the rule-based 
system using Attribute Logic. Owing to this logic, the declarative 
knowledge can be written in the form of data and relations and in the 
form of rules. 
 
 
2.1. Relational model of data comprised  
in technical standards 
 
The non-homogeneous structure of information written in 
technical standards makes designing of an appropriate model of  
data, consistent with the relational schema, very difficult. The 
only solution is recording of  data structure in the form of 
metamodel. Owing to this operation, the user can shape in any 
arbitrary way the structure of the recorded data, introducing new 
records to the entities called ConceptsGroup and Concepts. Final 
structure of a relationship-based diagram is depicted in Figure 1.  
 
 
Fig. 1. Entity Relationship Diagram of information comprised 
in technical standards 
Examples of records for information selected from two 
standards are given in Table 1. 
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Table 1. 
Examples of records in database 
Designation:  Concepts Group   Object  Concept  Instances  Remarks 
A 27/A 27M – 05  Heat Treatment  Grade N-2  full annealing  recommended   
      normalizing,  recommended   
      normalizing and tempering   recommended   
      quenching and tempering  recommended   
    Grade 60-30 
[415-205] 
full annealing  recommended   
      normalizing,  recommended   
      normalizing and tempering   recommended   
      quenching and tempering  recommended   
  Chemical 
Composition 
Grade N-2  Carbon, max  0.35  For each reduction of 0.01 
% …. 
      Manganese max   0.60   
      Silicon max  0.80   
      Sulphur, max  0.06   
      Phosphorus, max  0.05   
    Grade 60-30 
[415-205] 
Carbon, max  0.25  For each reduction of 0.01 
% carbon …. 
      Manganese max   0.75   
      Silicon max  0.80   
      Sulphur, max  0.06   
      Phosphorus, max  0.05   
A 48/A 48M – 03  Classification  No. 20 A  Tensile Strength, min, ksi  20    
      Nominal Test Bar Diameter, in.  0.8   
    No. 20 B   Tensile Strength, min, ksi  20   
      Nominal Test Bar Diameter, in.  1.2   
    No. 20 C   Tensile Strength, min, ksi  20   
      Nominal Test Bar Diameter, in.  2.0   
    No. 20 S   Tensile Strength, min, ksi  20   
      Nominal Test Bar Diameter, in.  Bars S  All dimensions of test 
 
 
 
2.2. Inference engine for knowledge searching 
 
The data flexibility achieved by introducing to the extensional part 
of a database the definition of concepts makes direct formulation of 
queries difficult. The designer of a system, which is meant to operate 
thus formulated database, does not know a priori its final structure.. 
Even if all possible technical standards from a given field were 
introduced to the system, nothing could  guarantee that other standards 
introducing new concepts would not appear in the meantime.  
The problem has been solved by application of the Inference with 
Queries (IwQ) method [11]. The knowledge about a metamodel of the 
data is now written according to the rules of a reasoning system. For an 
efficient knowledge representation we use the concept of attributive 
rule-based systems. Attribute Logic (AL) is based on the use of 
attributes to denote certain properties of objects and system under 
consideration. The knowledge representation manner used in AL is 
almost the same as the ontology used in relational databases. Thanks to 
them it is possible to handle relational databases tools (SQL) to store 
and edit knowledge rules and also to solve the basic selection problems 
in the rule-based system.  Combining possibilities of SQL with a 
concept of the rule-based system allows to build a solution according to 
Variable Atomic Attributive Logic (VAAL), i.e. attributive logic with 
atomic values of attributes incorporating variables.  
The inference engine performs the following tasks: it presents to the 
user a set of concept groups and single concepts, enables choice of 
reference values from among the data written in the base, searches the 
base looking for records consistent with the standards, provides the user 
with an access to the data written in standards  according to some 
predefined rules.  
A schematic representation of operation of inference engine is 
shown in Figure 2. 
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Fig. 2. The scheme of Inference Engine 
 
 
4. Conclusions 
 
Application of metamodel in predefining of information 
structure written in technical standards enabled flexible recording 
of the significantly differing information resources. Using 
efficiently the potentials of inference with queries, an easy access 
to thus formulated information was achieved. At present, the work 
is going on to test the software operating on a MS SQL Server. 
The development of a new interface is anticipated using the 
available internet techniques. In the future, the information 
resources collected in this system will be successively expanded 
using sources other than the technical standards. 
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